Purpose: To compare the long-term survival outcomes and acute toxicity between locoregionally advanced nasopharyngeal carcinoma (NPC) patients who received either weekly or 3-weekly cisplatin during concurrent chemoradiotherapy (CCRT). Methods: Between November 2008 and August 2011, 241 biopsy-proved NPC patients receiving concurrent cisplatin with intensity modulated radiotherapy (IMRT) were included. 90 patients treated with 4-7 weeks of 30-40 mg/m 2 cisplatin weekly were matched with 90 patients who received two or three cycles of 80 mg/m 2 cisplatin three-weekly by sex, age, T stage, N stage, Karnosky performance score (KPS). IMRT was presented to the nasopharyngeal gross target volume at 66-72 Gy/30-32 fractions and those involved neck area at 60-66 Gy/30-32 fractions. Results: The median follow-up time was 69 months (range, 2-91 months), and the 5-year overall survival (OS), disease-free survival (DFS), locoregional relapse-free survival (LRFS), and distant metastasis-free survival (DMFS) rates were 85.6% vs. 90.0% (P = 0.207), 85.6% vs. 92.6% (P = 0.152), 94.4% vs. 96.7% (P = 0.411), and 88.9% vs. 95.6% (P = 0.107) for the group treated weekly and 3-weekly cisplatin, respectively. No statistically significant survival differences were found between the two treatment groups in both univariate and multivariate analyses. The similar incidence of acute toxicities was observed between two groups. Conclusions: Concurrent cisplatin-based chemotherapy administered weekly or three-weekly in combination with IMRT leads to similar acute toxicities and long-term survival outcomes in locoregionally advanced NPC patients.
Introduction
NPC (nasopharyngeal carcinoma) is much more common in Southern China and Southeast Asia [1] [2] [3] . Radical radiotherapy can serve as an effective treatment strategy for NPC patients and the survival benefit will increase plus with concomitant platinum-based chemotherapy [4, 5] . Treatment failure in NPC is always resulted from recurrence and distant metastasis of patients. Recent advances in the management of locoregional recurrence show that to reduce distant metastasis rate via taking systemic therapies are becoming more crucial [6, 7] . Besides, NPC is more sensitive to systemic therapies in the contrast of other solid cancers, [8] . Therefore, U.S. National Comprehensive Cancer Network (NCCN) guidelines recommend platinum-based concurrent chemoradiotherapy (CCRT) in the absence or presence of adjuvant chemotherapy as the first-line treatment for NPCs [9] .
Cisplatin-based regimens delivered either once every three weeks (80-100 mg/m 2 ) or once per week (30-40 mg/m 2 ) are regarded as standard clinical strategies for CCRT. The NPC-0099 clinical trial demonstrated that high cisplatin dosage is optimal to radiotherapy alone for advanced NPC patients in terms of overall survival (OS) and progression-free survival (PFS) [10] . However, this regimen normally resulted in acute adverse reactions which would limit use dosage. Weekly lower dose cisplatin schedule, as another alternative, is based on the assumption that weekly regimen is less toxic and equally effective as 3-weekly high dose cisplatin. A phase III randomized trial revealed that weekly regimen (cisplatin 40 mg/m 2 ) concurrent with radiotherapy (CRT) was more easier to tolerate for patients and showed survival benefits compared with radiotherapy (RT) alone [11] . Although CRT can be seen as the standard clinical strategies for NPC, the comparison of optimal dosing schema for cisplatin has not been conducted.
Therefore, we focused on the comparation of acute toxicities and long-term survival outcomes of weekly versus three-weekly administration of cisplatin accompanied with IMRT in locoregionally advanced NPC patients. Our findings will help to give optimal clinical CCRT treatment strategies in NPC.
Materials and Methods

Patient Selection
Our study retrospectively reviewed from 241 histologically confirmed NPC patients who were treated with CCRT from November 2008 to August 2011 at Sun Yat-sen University Cancer Center. Inclusion criteria for the patients consisted of (1) histologically confirmed NPC by biopsy of the nasopharynx, (2) no distant metastasis, (3) no treatment prior to admission, (4) no other tumor types or serious illnesses, (5) Karnofsky Performance Status (KPS) score ≥80, (6) received only cisplatin during concurrent chemotherapy, and (7) received radical IMRT during the course of CCRT. This retrospective study was approved by the Clinical Research Ethics Committee of the Sun Yat-sen University Cancer Center, and all the patients provided written informed consent before treatment. All the methods were conducted in accordance with the approved guidelines in this study.
Clinical Staging
Routine staging included medical history, clinical examination of head and neck, direct fiberoptic nasopharyngoscopy, magnetic resonance imaging (MRI) of skull base and entire neck, chest radiography, whole-body bone scan, abdominal sonography, or positron emission tomography-computed tomography (PET/CT). All patients were restaged according to the 7th edition of the International Union against Cancer/American Joint Committee on Cancer (UICC/AJCC) system [12] .
Radiotherapy
All 241 patients received definitive IMRT at Sun Yat-sen University Cancer Center. Prescribed doses were 66-72 Gy at 2.12-2.43 Gy/fraction to planning target volume (PTVnx) of primary gross tumor volume (GTVnx), 64-70 Gy to PTVnd of involved lymph nodes (GTVnd), 60-63 Gy to PTV1 of high-risk clinical target volume (CTV1), and 54-56 Gy to PTV2 of low-risk clinical target volume (CTV2). All targets were treated simultaneously using the simultaneous integrated boost technique.
The radiation treatment planning was designed in accordance with previous studies conducted at the Sun Yat-sen University Cancer Center [13] [14] .
Chemotherapy
The institutional guidelines recommended CCRT for stage III-IVa-b patients. Chemotherapy was carried out on the same day with IMRT, and the cisplatin regimen consisted of intravenous infusion (IV) of 80 mg/m 2 cisplatin every 3 weeks or 30-40 mg/m 2 IV cisplatin weekly.
Follow-Up and Statistical Analysis
Patient follow-up was defined among the first day of treatment to last examination or death. The mainly adverse events of chemotherapy, which were classified and graded according to the Common Terminology Criteria for Adverse Events v3.0 (CTCAE v3.0, http://evs.nci.nih.gov/ftp1/CTCAE/ CTCAE_4.03_2010-06-14_QuickReference_8.5x11.pdf) , were assessed from the time patients received first dose of cisplatin to at least 7days after the last dose of cisplatin was administered. Reexamined at least every three months during first two years, with follow-up examinations every six months thereafter until death. End-points (time to first defining event) were overall survival (OS), disease-free survival (DFS), loco-regional relapse-free survival (LRRFS) and distant metastasis-free survival (DMFS).
The program Statistical Package for Social Sciences version 22 (SPSS Inc., Chicago, IL, USA) was used for analysis. The chi-square test was used to compare clinical characteristics, whereas the t-test was used to analyze continuous variables. Survival curves were estimated using the product limit method of Kaplan-Meier with the log-rank test. Univariate analysis was conducted using the log-rank test, and the multivariate Cox proportional hazards model was used to estimate hazard ratios (HR) and 95% confidence intervals (CI). All statistical tests were two-sided, P < 0.05 was considered significant.
Results
Patient Characteristics
We analyzed a total of 241 locoregionally advanced NPC patients who were treated with weekly or 3-weekly cisplatin CCRT between November 2008 and August 2011 at Sun Yat-sen University Cancer Center. For the entire cohort, 180 adult patients (114 males, and 66 females) received CRT for locally advanced NPC. The male-to-female ratio was 1.7:1; median age was 45 years old (range, 20-66 years old). The groups were well matched for sex, age, T stage, N stage, and KPS. The basic characteristics of patients who reached the study criteria are summarized in Table 1 .
Treatment and Adverse Effects
In the weekly group, at least five weeks of CCRT with cisplatin (CDDP) was delivered to 82/90 patients (91.1%) and four weeks of CDDP was delivered to only 8/90 patients (8.9%). In the 3-weekly group, two cycles of CDDP was finished by 86/90 patients (95.6%) and three cycles of CDDP was completed by 4/90 patients (4.4%). The median cumulative cisplatin dose was 171.0 and 168.2 mg/m 2 CDDP for the weekly and 3-weekly group, respectively (p = 0.426). There was no significant interaction between RT dose schedule, cisplatin regimen, and the cumulative mean cisplatin dose. Adverse events are summarized in Table 2 . No treatment-related deaths were observed in either cohort. Mucositis was the most commonly experienced toxicity, with grade 3 mucositis occurring in 27/90 (30.0%) and 25/90 (27.8%) of weekly and 3-weekly groups, respectively (P = 0.742). A grade 3 or higher adverse event was occurred in 64/90 (71.1%) and 53/90 (58.9%) of weekly cisplatin group and 3-weekly cisplatin group (P = 0.086). In conclusion, systemic toxicities were no difference in both groups.
Patterns of Treatment Failure
The median follow-up time for the cohort was 69 months (range, 2-91 months). The patterns of treatment failure are summarized in Table 3 . Up to the last day of follow-up, 5/90 (5.6%) patients in weekly group and 3/90 (3.3%) in 3-weekly group developed local regional failure (P = 0.718). 13/90 (14.4%) patients in weekly group and 9/90 (10.0%) in 3-weekly group died (P = 0.363). Moreover, 10/90 (11.1%) in weekly group and 4/90 (4.4%) in 3-weekly group experienced distant metastasis (P =0.042). The majority of deaths were the consequence of NPC. 
Univariate and Multivariate Analysis
The results of univariate analysis are presented in Table 4 . Univariate analysis indicated that EBV-DNA was significantly related to 5-year OS, DFS, and LFFRS. T and N category was significantly associated with 5-year DMFS. However, no significant differences in 5-year OS, DFS, LRRFS and DMFS were observed between patients with weekly cisplatin and 3-weekly cisplatin (Figure 1 ).
Multivariate analysis was performed to adjust for potential prognostic factors, including sex, age, T category, N category, KPS, EBV-DNA, and cisplatin regimen. EBV DNA was an independent prognostic factor for 5-year OS (HR, 2.994; 95% CI, 1.189-7.536; P = 0.020), DFS (HR, 3.800; 95% CI, 1.452-9.946; P = 0.007), and LRRFS (HR, 15.653; 95% CI, 1.765-138.780; P = 0.013; Table 5 ). Both univariate and multivariate analyses demonstrated that two cisplatin regimens had no difference in the risk of death and disease progression.
Discussion
In this retrospective study, we observed that cisplatin-based (both weekly and 3-weekly) CCRT led to similar OS, DFS, LFFRS, DMFS and acute toxicities in locoregionally advanced NPC patients receiving IMRT. EBV DNA had prognostic value in analysis of III/IV NPC.
NPC, especially of the undifferentiated type, are highly responsive to chemotherapy and radiotherapy [15] . CCRT is recommended as a standard treatment strategy for locoregionally advanced NPC [9] . Many previous studies analyzed clinical pharmacology of cisplatin, including dose accumulation and dose delivery, affects the long-term survival outcomes of patients with NPC receiving concurrent chemoradiotherapy [16, 17] . In general, 200mg/m 2 cisplatin was an appropriate cumulative dose in retrospective studies of NPC and head and neck cancer [18] . In the prospective NPC-9901and NPC-9902 trials, cumulative cisplatin 200 mg/m 2 in two concurrent cycles is adequate to improve local-free survival and OS compared with one cycle [19] . However, Ou et al. reported a total cisplatin dose > 300 mg/m 2 was an independent prognostic factor for OS, DFS and DMFS in local advanced NPC. Most notably, a proportion of patients in this study also received induction or adjuvant chemotherapy [20] . Nevertheless, several prospective clinical trials have proven patients with locoregionally advanced NPC do not benefit from induction or adjuvant chemotherapy [21] [22] [23] . The lowest effectively cumulative cisplatin dose (CCD) in Ou et al. study may have been inflated by delivering cisplatin-based induction or adjuvant chemotherapy [20] .
Several studies have analyzed the impact of the dose of cisplatin on clinical outcomes of NPC using conventional 2D and 3D conformal radiotherapy technology (CRT) [18, 24] .Only few of reports addressed the impact of the dose of cisplatin on the clinical outcomes on patients with NPC who were treated with IMRT [25] . A retrospective study found that the number of cycles of cisplatin delivered is an independent prognostic factor in patients with stage II-III NPC undergoing CRT with weekly cisplatin; however, this previous study was mostly based on 2D or 3D CRT [18] . The impact of the cisplatin regimens on clinical outcomes of NPC remains controversy in this era of IMRT. p values were calculated by using the log-rank test. T and N categories are according to the 6th edition of the International Union Against Cancer/American Joint Commission on Cancer staging system. Abbreviations: DFS, disease-free survival; DMFS, distant metastasis-free survival; IMRT, intensity-modulated radiotherapy; KPS, Karnofsky performance score; LRRFS, locoregional relapse-free survival; NPC, nasopharyngeal carcinoma; OS, overall survival; RT, radiotherapy.
The optimal cisplatin schedule for CCRT in NPC is the weekly or 3-weekly regimen. In our study, 2.34% (3/90) patients completed all 7 cycles of weekly cisplatin as planned and 4.4% (4/90) patients completed all 3 cycles of 3-weekly cisplatin as planned. Reductions in the number of chemotherapy cycles were mostly due to patient refusal, severe mucositis, or prolonged severe leucopenia. Ho et al. described the dose intensity, delays and toxicity of CDDP administered weekly and 3-weekly concurrently with locally advanced squamous head and neck cancer (SCCHN) [26] . They found that delivery of 100 mg/m 2 Cisplatin 3-weekly with radiotherapy was less tolerated than 40 mg/m 2 CDDP weekly or 80 mg/m 2 CDDP every three weeks and resulted in less patients achieving cumulative dose beyond 200 mg/m 2 , potentially lowering chemotherapy dose intensity. Therefore, the optimal CDDP dose in CCRT regimes for NPC needs to further exploration.
Cisplatin is the most common antineoplastic drug used for the concurrent chemoradiotherapy in NPC [27, 28] . The most frequent adverse effects of cisplatin detected (~72%) involved the gastrointestinal apparatus and constitutional symptoms (fever, hyposthenia, asthenia, weight loss and sleep-wake rhythm alterations) [29] . Several other studies showed higher percentage of severe mucositis in patients treated with weekly cisplatin compared to patients treated with 3-weekly cisplatin [30] . Although our analysis showed no statistically significant differences in both groups, there was a slightly higher incidence of grade 3-4 hematological toxicity and oropharyngeal mucositis in the weekly CDDP group. The reason for these results may be the short time intervals, inadequate monitoring of blood counts and poor oral care in outpatients in the weekly CDDP group.
Nowadays, IMRT has almost replaced 2D-RT or 3D-CRT and is becoming the mainstream treatment for non-metastatic NPC [31, 32] . Moon et al. compared treatment outcomes of 2D-RT, 3D-CRT, and IMRT in patients with NPC [33] . They showed that 3D-CRT and IMRT were associated with a better local PFS and OS than 2D-RT in NPC, and IMRT found to have a superior OS for advanced primary tumors (T3-4). Meanwhile, cisplatin as a radiation sensitizer combined with IMRT is effective in tumor control, survival, prognostic indicators, and toxicity in the treatment of advanced head and neck cancers.
The major deficiency of this study is limited by its retrospective nature. The sample bias may exist because the clinical data was from a single institution. One important finding in this study was that weekly low-dose cisplatin treatment had about a 6.7 % higher risk of distant metastasis than 3-weekly cisplatin group, even though the difference was not significant. The underlying molecular mechanism could be complicated, as the biological impact of low-dose cisplatin is much less studied in contrast to high-dose, cancer cell-killing effect. More endeavors are warranted for unveiling the biological impact of low-dose cisplatin treatment. In the present study, weekly regimen achieved equivalent acute toxicities and long-term survival outcomes compared with 3-weekly regimen in patients with locoregionally advanced NPC receiving single-agent cisplatin-based CCRT.
